In firms with concentrated ownership the controlling shareholder may pursue nonmonetary private returns, such as electoral goals in a firm controlled by politicians or family prestige in family firms. We use a simple theoretical model to analyze how this mechanism affects the selection of executives and, through this, the firm's productivity compared to a benchmark where the owner only cares about the value of the firm. We discuss identification and derive two structural estimates of the model, based on different sample moments. The estimates, based on a matched employer-employee data set of Italian firms, suggest that private returns are larger in family-and government-controlled firms than in firms controlled by a conglomerate or by a foreign entity. The resulting distortion in executive selection can account for total factor productivity differentials between control types of up to 10%. , the SED meetings, the CEPR-Bank of Italy conference on "Corporate Governance, Capital Structure and Firm Performance,"and the Federal Reserve Bank of Chicago. This paper is dedicated to the executives who build a career on competence rather than on compliancy and networking.
Introduction
This paper studies executive selection in firms with concentrated ownership, a control structure that the recent corporate finance literature has shown to be very diffused around the world (La Porta, Lopez-de-Silanes, and Shleifer (1999) , Faccio and Lang (2002) ). Unlike public corporations, where the separation between ownership and control naturally puts agency issues at center stage, our hypothesis is that in firms with concentrated ownership, the controlling shareholder may pursue nonmonetary private returns such as electoral goals in a firm controlled by politicians or family prestige in a firm controlled by an individual. 1 We focus on a specific form of owners' private benefits: we assume that owners may derive utility not only from profits, but also from employing executives with whom they have developed personal ties. Personal ties and repeated interaction can facilitate the delivery of nonmonetary payoffs that are typically not verifiable in court and therefore cannot be part of the employment contract. For example, the owner of a family business might enjoy a compliant entourage and/or a group of executives who pursue family prestige, possibly at the expense of the value of the firm. 2 If owners value personal ties, they might do so at the expenses of managerial ability, thus distorting the process of executive selection with respect to a situation where the owner only aims to maximize the value of the firm. We formalize this mechanism and propose two distinct sets of structural estimates to quantify its effects on firms' productivity.
We consider a simple partial-equilibrium, infinite horizon economy in which the firm owner chooses the firm's executives. We assume that average managerial ability determines the firm total factor productivity (TFP). 3 Executives are heterogeneous along two dimensions: their ability (productivity) and their relationship value. The owner only learns these values after an in-office trial period for the executive. Upon learning ability and relationship value, the owner decides whether to give tenure to the executive, who in this case turns "senior," or to replace him with a "junior" one. We assume that relationship building takes time, so that only senior executives may deliver private returns from the personal relationship. The key decision for the firm owner is whether to retain the executive in the firm after the trial period or to replace her with a junior one. Once tenured, executives in office die with an exogenous probability.
The model is formulated as an optimal sequential search problem in the spirit of McCall (1970) and Weitzman (1979) . We solve it analytically and derive three key predictions that form the basis for our empirical investigation. First, the firm's productivity declines monotonically with the importance assigned to private benefits. This is because the owner's tenure decisions are based less on ability and more on personal ties as the importance of private benefits increases. Second, the owners who attach more importance to relationships will, on average, retain a larger share of senior executives, as some low-ability executives with whom they have developed a personal relationship will not be fired. Finally, we show that the cross-firm correlation between productivity and the share of senior executives measures the strength of the selection effect on managerial ability, defined as the difference in the average ability of senior and junior executives. 1 Consistent with the hypothesis that control commands a premium, Dyck and Zingales (2004) provided cross-country evidence that controlling blocks are sold on average at a 14% premium, up to 65% in certain countries; see below for more details. The importance of private benefits of control is also stressed by Moskowitz and Vissing-Jørgensen (2002) , who showed that in the United States, average returns of privately held firms are dominated by the market portfolio. They concluded that owners of private firms must be obtaining some form of nonmonetary return. 2 Becker was the first to stress the importance of nonpure consumption components of preferences for individual decision making, for example, in his classic analysis of discrimination (Becker (1971) ). In the introduction to the book that collects his contributions on this topic, he stated that "Men and women want respect, recognition, prestige, acceptance, and power from their family, friends, peers, and others" (Becker (1998, p. 12) ). 3 This is akin to Lucas (1978) , where TFP depends on entrepreneurial ability.
Intuitively, if selection is based on talent only, then a large fraction of senior executives signals that the firm found a talented pool of executives and is, therefore, highly productive. Instead, when the owner cares mostly about personal ties, a large share of senior executives is not very informative about the firm's productivity, because their ability played little role in the selection process. We prove that this correlation can be estimated by an ordinary least squares (OLS) regression of TFP on the share of senior executives. The empirical analysis is based on a sample of Italian manufacturing firms for which we have detailed information on the firms' characteristics, including the complete work history of their executives. We construct TFP using the Olley and Pakes (1996) procedure, and define senior executives as those who have been with the firm for at least 5 years. The data classify the controlling shareholder into four broad control types: individual/family, the government, a conglomerate, or a foreign/institutional owner. We estimate the model by allowing the importance of private returns to vary across control types (conditional on additional covariates, such as time and sectoral effects).
Our first exercise is based on measuring the selection effect via an OLS regression of TFP on the share of senior executives. We find that selection is weaker in government and family firms, and that private benefits generate substantial losses in productivity. Note that these estimates are not based on differences in average productivity and seniority across types, as we include ownership dummies. Still, omitted variables and unobserved heterogeneity might give rise to the correlation we observe within type. For example, one might conjecture that older firms might both be more productive and employ more senior executives. We address this important criticism in two ways. First we argue, and show formally, that the omitted variable bias might explain the correlation within type, but not the differences across types. It is precisely the variation of the estimated coefficients across types that is predicted by our model and confirmed by the data. Second, we perform a large series of robustness checks, such as adding more controls and using profitability-rather than productivity-as a performance indicator.
We then move on to a structural estimation of all the model parameters. We show that there is a one-to-one mapping between the average productivity and seniority measured in the data, and the model parameters that capture the importance of private benefits. We find that the executive selection is distorted with respect to the benchmark of no private benefits in all control types. The distortion is smallest for conglomerate and foreign-controlled firms. Private benefits account for a decrease in average firm productivity of around 6% in family firms and of 10% in government firms, as compared to conglomerate-and foreign-controlled firms. Compared to the theoretical benchmark of no private benefits, productivity losses are on the order of 7% for conglomerates, 8% for foreign firms, 13% for family firms, and 17% for government firms.
We finally compare the OLS and the structural estimates. This comparison is informative because the two sets of estimates use different sources of data variability to identify the parameters: within-type correlation in productivity and seniority for the OLS, and variation in average sample moments across control types for the structural estimates. Nothing in the estimation procedure imposes that the two sets of estimates should be consistent. The fact that they do produce quantitatively similar results offers further support for the mechanism we propose.
Two important caveats should be kept in mind. First, our empirical analysis is based on a set of joint predictions: on the degree of correlation between TFP and seniority within an ownership type, as well as on the correlation of average TFP and average seniority across ownership types. These patterns are explained in terms of differences in the degree of private benefits. Of course, firms with different ownership types differ along other aspects. Arguably, one can think of alternative mechanisms that can explain each specific pattern we find in the data. However, the advantage of a formal model is that it supplies an explicit and coherent framework that accounts for all these facts simultaneously and allows us to assess their consistency, as well as their impact on productivity via counterfactuals, in a quantitative way. Second, we cannot draw normative implications from our analysis, as private benefits do enter the owners' utility function. We only stress that they come at a cost in terms of productivity.
The paper is organized as follows. The next section discusses the connection with the literature, in particular with Albuquerque and Schroth (2010) , Bandiera, Guiso, Prat, and Sadun (forthcoming) , and Taylor (2010) , who studied related problems. Section 3 develops a model to study how the presence of private returns affects the selection of executives and average productivity within a firm. Section 4 describes the matched employer-employee data and the classification of the various types of corporate control. In Section 5, we study the mapping between the model and the data, discussing the identification of the structural model parameters. Section 6 presents a test of the model hypotheses that exploits a model-based regression analysis. A subsection discusses several robustness checks and alternative hypotheses. Section 7 presents structural estimates of the model parameters, which are used to quantify the "costs" of private benefits in terms of foregone productivity by means of simple counterfactual analysis. Section 8 concludes.
Related literature
The idea that private benefits play a central role in shaping firms' performance is central to the recent corporate governance literature La Porta, Lopez-de-Silanes, Shleifer, and Vishny (2000) . Dyck and Zingales (2004) empirically estimated the value of private benefits of control using the difference between the price per share of a transaction that involved a controlling block and the price on the stock market before that transaction. They found large values of private benefits of control. In particular, at 37%, the value of private benefits in Italy is the second highest in a sample of 39 countries. Compared to this literature, we focus on a very specific channel through which the private benefits arise: the relationship between the owner and her executives. Moreover, we use the model's predictions on productivity and executive seniority distribution to estimate the value of such a relationship, rather than referring to stock market data.
In our model, the inefficient selection occurs because the firm owner assigns value to the personal relationship with the executives. The fact that personal ties between firms' high-ranked stakeholders (large shareholders, board members, top managers) is detrimental for firm performance finds support in recent literature. Bandiera, Barankay, and Rasul (2009) studied the effects of social connections among managers and workers on performance. Using a field experiment, they showed that managers favor workers who they are socially connected to, possibly at the expense of the firm's performance. Kramarz and Thesmar (2013) studied the effects of social networks on the composition of firms' boards of directors and performance in France. They found that networks, defined in terms of school of graduation, influence the board composition; moreover, firms with a higher share of directors from the same network have a worse performance. Battistin, Graziano, and Parigi (2012) studied the effects of connections of top executives in Italian banks on bank performance and turnover. Consistent with our results, they concluded that connections reduce turnover and worsen performance, particularly in local banks.
Our work also relates to the vast body of literature that documents that firms of very different productivity levels coexist even within narrowly defined markets (see, e.g., Bartelsmann and Doms (2000) , Syverson (2011) ). As in Lucas (1978) , in our model, dispersion in firm productivity derives from the underlying dispersion in managerial ability, subject to a cutoff level dictated by the selection effect. 4 Differently from Lucas, in our model, owners are willing to accept a low return on their investment because they derive other types of returns, which weakens the selection effect and increases the cross sectional dispersion in firms productivity. Empirically, we find this to be more relevant for family firms, in line with a growing literature on empirical work practices and performance in family firms (see, for example, Moskowitz and Vissing-Jørgensen (2002) , Bloom and Van Reenen (2007) , Bandiera et al. (forthcoming) , Michelacci and Schivardi (2013) ).
In terms of managerial turnover, Volpin (2002) studied top executive turnover in Italian listed firms. Consistent with our findings, family-controlled firms tend to have lower turnover rates than foreign-controlled firms. 5 Executive compensation, promotion policies, and turnover are subject to a growing and heterogeneous body of model-based empirical analysis, using, among others, assignment (Gabaix and Landier (2008) , Terviö (2008) ) or moral hazard models (Gayle, Golan, and Miller (2009) ). Compared to this literature, we do not explicitly formalize the market for executives, but focus on the owner's decision to confirm or replace incumbent executives.
Three recent papers are closely related to ours. Albuquerque and Schroth (2010) used a structural model to estimate the private benefits of control in negotiated block transactions. They found evidence consistent with the hypothesis that those benefits are large. Taylor (2010) built and estimated a structural model of chief executive officer (CEO) turnover with learning about managerial ability and costly turnover. He found that only very high turnover costs can rationalize the low turnover rate observed in the data. 6 He interpreted this result in terms of CEO entrenchment and weak governance. 7 4 Heterogeneity in an underlying unobservable firm characteristic has become the standard way to model productivity dispersion at the firm level both in industrial organization (IO) (Jovanovic (1982) , Hopenhayn (1992) , Ericson and Pakes (1995) ) and in trade (Bernard, Eaton, Jensen, and Kortum (2003) , Melitz (2003) ). 5 He also found that the sensitivity of turnover to performance, an indicator of the quality of the governance, is not significantly different in the two groups. However, his sample has a small number of foreigncontrolled firms and, in fact, his main analysis is focussed on family-controlled firms only. 6 See also Taylor (2013) for a model of learning about CEOs' ability and wage dynamics. 7 Garrett and Pavan (2012) studied managerial turnover when the quality of the match between a firm and its top managers changes stochastically over time and is privately observed by the managers. They showed Compared to his paper we propose a different, possibly complementary, reason for inefficient turnover: owners trade off efficiency for the private benefits of the personal relationships with their executives. We also use data on all top executives, rather than CEOs alone, and exploit different ownership structures to estimate our model parameters. Bandiera et al. (forthcoming) analyzed the role of incentive schemes in family and nonfamily firms, assuming that family firms pursue private benefits of control. They showed that family firms rely less on performance-based compensation schemes and attract more risk-averse and less able managers. The model predictions are supported by reduced-form regressions. We see their paper and ours as complementary. In fact, Bandiera et al. (forthcoming) focussed on the optimal compensation scheme, an issue that is ignored in our model. On the other hand, we introduce learning about managerial ability in a dynamic setting, so that we can study turnover and seniority composition. Moreover, we provide direct structural estimates of the importance of private benefits by control type, supplying supporting evidence for a central assumption of their model.
A model of executive tenure and firm productivity
We model the decision problem of a firm owner in charge of selecting the executives who run the firm. Our aim is to use the model to organize the empirical analysis. Given that we will structurally estimate the model parameters, we keep it as simple as possible.
In particular, we focus on the owner's selection problem and completely put aside the market for executives. 8 A firm employs n executives, depending on its size (not modeled here). Each executive is characterized by an ability level x i . We assume that ability is a shifter of the production function,xF(K L), wherex = 1 n i x i is the average managerial ability, K is the capital stock, and L is labor. This assumption has two consequences. First, it implies that we will be able to measure average managerial ability by firm-level TFP, which we use in the empirical section. Second, the fact that overall TFP is additive in individual ability implies that we can study the problem of the owner for each single executive in isolation from the others, as we exclude spillovers in ability among them. This greatly simplifies the analysis in the model that we present next. We also assume that, conditional onx, K and L are chosen optimally so that the profit function can be written only as a function ofx, and capital and labor can be ignored in what follows without loss of generality.
The model
The problem describes executive selection by the firm owner. The executives are hired at the junior level and become senior-and eligible for tenure-after one period. We think of this period as the time during which executive's quality is learned by the owner. An that the optimal retention decision becomes more permissive over time, offering an alternative explanation for what would look like CEO entrenchment. 8 Our conjecture, to be verified in future work, is that the effects we identify would also hold both in a competitive market for executives and in a search framework. In fact, as long as the private benefits create a surplus, they should affect executive selection in the same way as in our framework, independently from the surplus splitting rule.
executive's quality is characterized by two independent exogenous variables: his productivity x, a nonnegative random variable with continuous and differentiable cumulative distribution function (CDF) G(x) with G(0) = 0 and expected value μ = ∞ 0 x dG(x), and his relationship value r, a nonnegative random variable that is identically zero for a junior executive and equals zero with probability 1 − q or equals R with probability q for a senior executive. The personal relationship is valuable because it facilitates the delivery of nonmonetary payoffs, which cannot be explicitly included in an employment contract. For example, a politician might value executives who serve his political interests in government-controlled firms by hiring workers in his constituency. The owner of a family business might enjoy a compliant entourage and/or a group of executives who pursue the prestige of the family. The rationale for the value of relationships to mature only for senior executives is that relationships take time to develop. 9 We assume that on hiring a (junior) executive, the owner observes neither x nor r, but only knows their distribution. At the end of the first period, the owner learns the value of the executive's productivity-a realization of x-and the value of his relationship-the realization of r (either 0 or R > 0). It is assumed that both the executive relationship value and the productivity are specific to an executive-firm match, so that if an executive moves to a new firm, both his x and r are unknown to the new owner. After learning the realization of x and r, the owner decides whether to keep the executive in office (i.e., give him tenure) or to replace him with a junior one (i.e., fire the incumbent executive). It is convenient to define a new random variable s ≡ x + r. Using that x and r are independent, the CDF is
(1) so that the probability that a senior executive with r + x ≥ s is observed is 1 − F(s). If appointed, the (senior) executive stays one period with the firm and then dies with an exogenous constant hazard ρ, so that the expected office tenure of a senior executive is 1/ρ. When a senior executive dies, the owner replaces her with a junior one.
The per-period return for the risk-neutral owner is given by the realizations of s t = x t + r t ; his utility is given by the expected present value of the sum of these realizations, v ≡ ∞ t=0 β t s t , where β is a time discount. The owner cares about the executive productivity and his/her relationship value, and decides whether or not to fire an executive after observing the realization of both variables at the end of the first period. When a junior executive is in office at the beginning of period t, there is no further decision to be taken for the owner, and the expected value for the owner is v y = μ + βEs max v y v o (s) 9 Of course, personal relationships might develop before the match forms, for example, if an owner hires friends or relatives. In this case, exactly the same logic would apply to "connected" (friends or relatives) versus "unconnected" executives. Unfortunately, in the data, we have no way to detect this type of relationships, while we observe seniority. The two channels of personal ties are not mutually exclusive and might both be at play.
where expectations are taken with respect to the next-period realization of the executive values and v o (s) denotes the value of a senior executive with known values. This value is
where the value function v o (s) is continuous and increasing ins. The optimal policy follows a threshold rule: the owner fires the senior executive if s < s * , that is, if the value of s = r + x, learned when the executive becomes senior, is below the threshold s * . 10 To be clear about the condition that pins down the optimal threshold value s * , it is useful to introduce two more pieces of notation. Let v y s denote the conditional value of a junior executive under a generic policy thresholds. Likewise, let us define v o s (s) as the conditional value of a senior executive of types ≥s under a generic policy thresholds. Obviouslys enters both (conditional) value functions because it determines the senior executives who will be fired, that is, all those for whom s <s. We can now state the condition that defines the optimal value of the threshold s * as the smallest value of s that leaves the firm indifferent between keeping the senior executive or appointing a junior one, namely v o s * s * = v y s *
Appendix A shows how equation (3) can be used to obtain an analytical characterization of s * that is useful for the comparative statics analysis below. This characterization leads us to state our first proposition.
Proposition 1. Given the primitives β, ρ, G(·), and q, there exists a unique optimal threshold s * (R). Moreover,
See Appendix B for the proofs of all propositions. The proposition states that when R ≡ 0 (relationships bring no value to the owner), the optimal threshold s * (0) > μ. Hence the senior executive retains office only if he is sufficiently above the expected value of a junior μ. This is because the appointment of a junior, and the possibility of future replacement, gives the policy of appointing a junior a positive option value. The fact that productivity x is learned after one period induces a selection whereby senior executives who retain office are more productive than the average junior executive. This is shown in Figure 1 , where the optimal threshold for the R = 0 case lies to the right of μ (the mean of the ability distribution). The second part of the proposition characterizes how the optimal threshold s * varies with R. The larger is the importance of the nonmonetary returns to the owner (as measured by a higher value of R), the greater is the value of the threshold s * . This has two contrasting effects on the productivity of the executives who get tenure. The fact that ∂s * /∂R < 1 implies that as R increases, the productivity threshold for the executives who develop a relationship (i.e., those with r = R) falls, since s * − R is decreasing in R. On the other hand, the threshold for the executives who do not develop a valuable relationship (i.e., those with r = 0) increases: these executives must compensate for their lack of "relationship" value with a higher productivity, such that x ≥ s * . As shown in Figure 1 , the ability thresholds for executives with and without relationship value, respectively given by s * − R and s * , move apart as R increases.
We now turn to the model prediction concerning the seniority composition of the firm's executives in a steady state. The fraction of senior executives in office, φ, follows the law of motion
so that the steady state fraction of senior executives is
which is decreasing in ρ. Mechanically, a lower hazard rate increases the fraction of senior executives. It is also immediate that φ is decreasing in F(s * ). To study how φ depends on R, we need to compute the total derivative of F(s * ), since changes in R affect the CDF directly and also affect the threshold s * . Note that
Recall that ∂s * ∂R < q (see Proposition 1) shows that the derivative is negative at R = 0, which means that at R = 0, the share of senior executives is increasing in R. Intuitively, when R > 0, the appeal of senior executives increases because, all other things equal, their expected return is increased by the expected value of relationships, qR. However, the effect of R on φ cannot be signed, in general, when R > 0, because an increase in R has two opposing effects. On the one hand, it lowers the threshold s * − R for that fraction (q) of senior executives who display valuable relationships (r = R); this increases φ. On the other hand, a higher s * raises the acceptance threshold for the senior executive with no relationship capital (r = 0); this reduces φ. The final effect thus depends on the features of the distribution of x and r. In fact, when q is sufficiently small and R is sufficiently large, the option value of searching for an executive who delivers R is high enough to induce a low retention rate. 11 An example is displayed in the left panel of Figure 2 . , and q = 0 75; G(·) is log normal with log mean λ m = 1 6 and log std λ σ = 0 36, which imply μ = 5 3. 11 It is immediate to show that a decrease in q accompanied by a corresponding increase in R, to keep the expected value of r fixed, leads to an increase in the variance of r. This, in turn, increases the option value of searching for an executive who delivers the relationship value.
We now analyze how changes in R affect the firm's average productivity in the steady state. Let X denote the mean productivity of the firm, given by the weighted average of the expected productivity of the junior and senior executives,
where some algebra shows that the senior executives' average productivity is
This leads us to the next proposition.
Proposition 2. Let β → 1. Then the steady state firm productivity X(s * ) is
Proposition 2 shows that the mean productivity of a firm is maximized when the firm only cares about ability, that is, under the policy s * (R = 0). Any policy s * (R) with R > 0 induces, on average, a lower firm productivity. Moreover, the proposition shows that X is monotone decreasing in R. 12 This will be useful in the discussion of the parameters identification below. The assumption that β → 1 simplifies the derivation and is useful to interpret the mean X as a cross section average. 13 The proposition also establishes that the derivative of X with respect to R is zero at R = 0. This result, and the fact that the share of senior executives is increasing at R = 0 (discussed above), implies that the productivity differential between senior and junior executives, X o − μ, is decreasing in R at R = 0, as can be seen from equation (7):
The intuition behind this pattern is simple: as R increases, the owner selects less on ability, so that the senior executives become more similar to the unselected pool of junior executives. The right panel of Figure 2 shows that this pattern holds for a wide set of parameter values and, in particular, for the parameters that are in a (broad) neighborhood of our structural estimates (thick line). The figure also shows that in the parametrization with the high value of q = 0 75, both φ and X o − μ become flat functions of R for R ∼ = 8: at this point, owners are basically already firing all executives with r = 0 and keeping all those with r = 8, so that further increases in R no longer influence the selection process. In other words, X and φ asymptote to constant values as R grows large. We will come back to this observation when we comment on the results of our estimates. We conclude this section with a brief discussion of our modeling assumptions about the distribution of abilities. For the sake of simplicity, the model introduced an asymmetry between ability and the relationship value, assuming that only the latter grows with seniority. We notice that this is not a necessary assumption for Proposition 2(ii) to hold; what is necessary for this result, even if we allowed ability to evolve with seniority, is that such evolution is uncorrelated with R. Intuitively even if executives become more productive when turning senior (on average), it would still be the case that owners who are more interested in R will select more based on private benefits and less on productivity. Of course, this result would break down if owners who care more about private benefits are also attached to executives whose productivity increases relatively faster with seniority than owners who are not interested in private benefits. This would be the case if such owners, for example, invest more in executive training. Note, however, that in such cases, the relationship between R and productivity could even become positive, an implication we will be able to test (and dismiss) empirically.
Data description
In this section, we describe the main features of our data, referring to Appendix D for more details. The data match a large sample of executives with a sample of Italian firms. The executives represent approximately 2% of the firm's employment. The firm data are drawn from the Bank of Italy's annual survey of manufacturing firms (INVIND) , an open panel of around 1200 firms per year that is representative of manufacturing firms with at least 50 employees. It contains detailed information on firms' characteristics, including industrial sector, year of creation, number of employees, value of shipments, value of exports, and investment. It also reports sampling weights to replicate the universe of firms with at least 50 employees. We completed the data set with balance-sheet data collected by the Company Accounts Data Service (CADS) since 1982, from which it was possible to reconstruct the capital series using the perpetual inventory method. All these manufacturing firms belong to the private sector and are, therefore, subject to the same legislation, particularly in terms of labor laws.
Our measure of productivity is TFP. We assume that production takes place with a Cobb-Douglas production function of the form
where Y is value added, K is capital, L is labor, and i, t are firm and year indices, respectively. TFP depends on average managerial ability X, and, possibly, on other additional observable and unobservable characteristics W i t , such as the industrial sector, the firm size, and time effects,
where n i t is the number of executives in firm i at t, X j is the ability of executive j = 1 2 n i t , and i t is an independent and identically distributed (i.i.d.) shock unobserved to the firm or, more simply, measurement error in TFP. We estimate TFP using the Olley and Pakes (1996) approach. The procedure is briefly described in Appendix D; full details are given in Cingano and Schivardi (2004) .
The survey contains several questions regarding the controlling shareholder. The most relevant for our purpose is "What is the nature of the controlling shareholder?," from which we construct an indicator that groups firms into one of four control categories (see Appendix D for the details): (i) individual or family; (ii) government (local or central or other government controlled entities); (iii) conglomerate, that is, firms belonging to an industrial conglomerate; (iv) institution, such as banks and insurance companies, and foreign owners. We expect these different types of ownership to be characterized by different degrees of relevance of personal relationships. For instance, owners of family business are likely to derive utility from controlling the firm above and beyond the pure monetary returns. Part of these returns might come from a compliant entourage and/or a group of executives who pursue the prestige of the family. A politician (the "owner" of a government-controlled firm) might want executives who serve his political interests and might care little about how efficiently the firm is run. We therefore expect these types of firms to be characterize by positive values of R. Firms controlled by other entities, such as a foreign institution or a conglomerate, are instead more likely to put weight on pure monetary returns. 14 Independently from these presumptions, in the estimation exercise we will not impose any restriction on the values of R and will let the data speak. Table 1 reports summary statistics for the firm data used in the regression analysis both for the total sample and by control type. For the total sample, on average, firms have value added of 30 million euros (at 1995 prices) and employ 691 workers, of which 13 are executives. The average ratio of executives to total workforce is 2 6%. Around 41% of firms are classified as medium high and high tech according to the Organization for Economic Cooperation and Development (OECD) (2003) system, and 75% are located in the north. Clear differences emerge according to the control type. Family firms are substantially smaller than the average (11 million euros and less than 300 employees) and specialize in more traditional activities. Importantly, they have a lower TFP level, followed by government-controlled firms, while foreign firms have the highest TFP. 14 We lump institutional and foreign owners together because both ownership types are not likely to be identifiable with a single individual, so that from our perspective, it makes sense to assume a common R. Moreover, these two types by themselves have substantially fewer observations than family or conglomerate firms (see Table 1 ), making inference less reliable. We have experimented with five categories, distinguishing between foreign and institutions, finding similar (although less precise) results. 69 1 1563 32 9 0 022 0 48 0 50 0 44
Note: The notation VA is value added (in millions of 1995 euros), No. Exec. is the number of executives, % Exec. is the share of executives over the total number of employees, TFP is the log of total factor productivity, % High Tech is the share of firms classified as medium high and high tech according to the OECD classification system (OECD (2003)), % North is the share of firms located in the North, No. Obs. is the number of firm-year observations, and No. Firms is the number of unique firms observations.
The executives' data are taken from the Istituto Nazionale della Previdenza Sociale (Social Security Institute (INPS)), which was asked to provide the complete work histories of all workers who were ever employed in an INVIND firm over the period [1981] [1982] [1983] [1984] [1985] [1986] [1987] [1988] [1989] [1990] [1991] [1992] [1993] [1994] [1995] [1996] [1997] . Workers are classified as blue collar (operai), white collar (impiegati), and executives (dirigenti). The data on workers include age, gender, area where the employee works, occupational status, annual gross earnings, number of weeks worked, and the firm identifier. We only use workers classified as executives. In our preferred specification, an executive turns senior after 5 years of tenure. Table 2 reports the statistics on executives' characteristics for the total sample and by control type. For the total sample, average gross weekly earnings at 1995 constant prices are 1236 euros, and the share of executives who have been with the firm at least 5 years is 0 57 and at least 7 years is 0 45. Executives are, on average, 46 5 years old and 96% are male. Family-controlled firms pay lower wages to their executives and have a higher share of senior executives (62%). Executives' characteristics at conglomerate-controlled firms are fairly similar to the overall ones. Government-controlled firms employ older and almost exclusively male executives. Finally, foreign-controlled firms pay their executives more, while their executives' characteristics resemble the average in terms of the tenure, age, and gender composition.
Identification
This section discusses the mapping between the model and the data, and, in particular, the data variability that identifies the model's parameters. We first show that the model Note: Wage (gross, per week) is in 1995 euros; φ 5 is the share of executives with at least 5 years of seniority, and φ 7 is the share with at least 7 years. Age is the average executives' age and % Male is the share of male executives. yields a restriction that has a natural interpretation in terms of an OLS regression run over a cross section of firms of a given ownership type. This regression identifies a subset of the model's parameters, while allowing to control for several unobserved variables that are not accounted for by our theory. We then show that more structural parameters can be identified by comparing the average X, φ values across ownership types. These two sets of estimates exploit completely different dimensions of data variability. The results, therefore, can be compared to gain some insights on the consistency of our findings.
The model yields a simple prediction on the productivity differential between the senior and the junior executives within a given ownership type. Fix R, q and consider a set of firms drawn from a given model parametrization. Firm i employs n i executives. Those firms differ with respect to the quality of executives, which depends on the realizations of x + r for each executive. The econometrician observes the firm's productivity X i and the fraction of senior executives φ i , where the mean productivity of firm i is given by
, and the fraction of senior executives is φ i = n i j=1 I i j n i where, I i j is an indicator function equal to 1 if executive j in firm i is senior. Let X o and X y = μ be the large sample conditional productivity of the incumbent senior and junior executives, respectively. If n i is not large, the average productivity will differ from X o , X y due to sampling variability. Using equation (6), we establish the following proposition.
Proposition 3. The productivity of firm i can be written as
where E{ε i } = 0 and E{φ i ε i } = 0.
A key result from this proposition is that deviations ε i about the (large sample or unconditional) mean values are uncorrelated with the share of senior executives φ i . Intuitively, this property holds since an increase (or a decrease) in the quota of senior executives φ i about its unconditional mean φ does not contain any information on the innovation ε i , that is, the amount by which the productivity of the senior (junior) executive exceeds the selection threshold s * in firm i. From a statistical point of view, this result is an immediate corollary of the properties of the conditional mean. The proposition implies that the productivity differential X o − μ can be estimated with an OLS regression of X i on φ i . The intuition is the following. When selection is weak (i.e., R is large), two firms with different shares of senior executives differ little in productivity, since, on average, senior executives are not much more productive than junior executives. This implies that the correlation between X and φ is low. If R is low, the selection mechanism is effective, senior executives are, on average, more productive than junior ones, and differences in φ will go together with substantial differences in X, yielding a high correlation between X and φ.
Another prediction of the model concerns a comparison across ownership types. Consider the firm productivity X and the fraction of senior executives φ. For a given vector of model primitives β, ρ, G(·), Figure 3 shows that for each admissible (i.e., model generated) observable pair X, φ, there is at most one pair of parameter values R, q that can produce it. Each line in the figure is indexed by one value of q. Increasing q shifts the locus upward: a higher probability of maturing a valuable relationship increases the likelihood of being tenured and hence φ. Notice that all lines depart from the same point in the X, φ plane, which corresponds to R = 0. This is the productivity maximizing situation, obtained when relationships have no value. Starting from this point, an increase in R moves the model outcomes along one line (indexed by q) from right to left. We know this because, as shown in Proposition 2, X is decreasing in R. Moreover, as discussed above, the effect of an increase in R on φ is, in general, not monotone. This explains why the lines that correspond to low values of q are hump-shaped. The important point of this figure is that those lines never cross, so that given any point in the space spanned by the model, one can invert it and retrieve the values of q and R that produced it.
Compared to this structural estimate, the regression of Proposition 3 only identifies the productivity differential X o − μ, and not the levels of R, q. The two approaches to estimating the model that we discussed above are useful for a number of reasons. First, they allow us to assess one key prediction of the model using different moments from the data: while the structural estimates use the average values of X, φ of a given control type to back out the R, q parameters across types, the OLS regression exploits the partial correlation coefficient between X and φ across firms for a given R, q. The latter estimate does not depend on the average X, φ for a given control type, but on how X and φ covary across firms of a given type. This implies that the OLS estimates are robust to potential differences in either TFP or seniority structure that, on average, affect all firms in a control type equally. For example, one might argue that due to career considerations, foreign-controlled firms are uniformly more appealing to junior executives than the other types. This would affect the structural estimates through changes in the average φ across control types unrelated to R, but would not bias the OLS estimates. A second important feature of the OLS estimates is that they do not require one to pin down all the structural parameters. In particular, they are independent of (and, of course, do not supply any information on) β, q, ρ, and G(·). They therefore offer a test of robustness of the structural estimates with respect to the values of the auxiliary parameters they hinge on. Finally, within a regression framework it is easy to perform robustness analysis, something that we exploit in the next section.
Model-based OLS regressions
This section presents various estimates of the model predictions discussed in Proposition 3. After presenting the baseline estimates, we analyze their robustness and discuss alternative hypotheses for interpreting the data.
Basic framework and results
Equation (8) establishes a relationship between the share of senior executives and firmlevel TFP that we use to construct an OLS-based estimate of the productivity differential between senior and junior executives. By taking the log of both sides and applying a first order Taylor expansion around X i = μ, we obtain
with γ 0 = log μ, γ 1 = X o −μ μ , and η i = 1 μ ε i , and where, as shown in Proposition 3, ε i is uncorrelated with φ i . This equation shows that in a regression of log TFP on the share of senior executives, the coefficient γ 1 measures the percentage difference in average ability between senior and junior executives. We bring equation (9) to the data using the specification
where the dummies D k with k = (fam gov for) are control status dummies equal to 1 for family-, government-, and foreign-controlled firms, respectively, and W i t is a vector of controls that includes year dummies, two-digit sector dummies, and control-status dummies that account for potential unobserved heterogeneity across firms with different control types. The coefficient γ 1 measures the percentage difference in the average ability of senior and junior executives in conglomerate-controlled firms, the reference group in this specification. Under our assumption that the productivity of junior executives is the same across groups, the coefficients γ k measure the difference in the average ability of senior executives for the corresponding control type with respect to the conglomerate firms: γ k = X o (R k ) − X o (R cong ). To obtain population consistent estimates, we weight observations with population weights, available from the INVIND survey, unless otherwise specified.
The estimates reported in column (1) of Table 3 show that the relationship between productivity and the share of senior executives is positive for conglomerate-controlled firms: the coefficient is 0 11 with a standard error of 0 04. The positive sign of this coefficient is consistent with the selection hypothesis, that is, with the assumption that senior executives are, on average, more productive than junior ones. To give a sense of the size 
φ 0 11 * * * 0 02 0 08 * 0 09 * * 0 11 * * 0 12 * * * (0 04) Note: The variable φ is the share of senior executives who have been with the firm at least 5 years in columns (1), (2), (5), and (6), at least 7 years in column (3), and at least 3 years in column (4). All regressions are weighted with sampling weights with the exception of column (2), which is unweighted. All regressions include control type dummies, year dummies, and two-digit sector dummies. Column (5) also includes firm size (log of the number of employees), firm age (log), the average age of the workforce (log), and the share of executives, of white collar workers, and of male workers as a fraction of the total workforce. Column (6) includes the same additional controls as in column (5) interacted with ownership dummies. Robust standard errors are given in parentheses. Significance levels for the null hypothesis of a zero coefficient are labelled with asterisks: * is 10%, * * is 5%, and * * * is 1%.
of the effect, the productivity of a firm with a share of executives that is 1 standard deviation above the mean (see Table 2 ) is higher by about 3%. The estimated coefficient for the foreign-controlled firms, γ for is not statistically different from zero; hence, we cannot reject the hypothesis that the selection in foreign-controlled firms is similar to that in conglomerate-controlled firms at conventional levels of significance. Instead, selection appears to be significantly smaller in family firms, where senior executives are, on average, 17% less productive than in conglomerate-controlled firms. Finally, we obtain a very large negative coefficient for government firms (−0 47). This value implies a negative selection in such firms, that is, that junior executives are more efficient than senior ones, an outcome that our model cannot predict (the worst selection we can have in the model makes the productivity of the senior executives equal to that of the junior). This indicates that government firms display some features that the model cannot match, an issue that will also arise in the structural estimates of Section 7. Altogether, the sign and magnitude of the effect is indicative of very poor selection in government-controlled firms.
As a first robustness check, in column (2) we do not weight observations. In this case, the results are somehow weaker: the coefficient on φ is positive but statistically insignificant. The interaction terms for family and government are negative and significant, again pointing to weaker selection in these firms. Another important issue is the length of time assumed necessary to become senior, which is 5 years in the baseline regressions. It is important to check to what extent our results depend on this choice. To do so, in column (3), we use a 7-year-based definition of seniority, and in column (4), we use a 3-year definition. We find no substantial differences with respect to the basic specification.
Additional robustness checks and alternative hypotheses
This section discusses potential criticisms of the regressions reported above to further assess their robustness. A first criticism of the regression analysis may concern an omitted variable bias. Our stylized theoretical model excludes other potential determinants of seniority and productivity. For example, a firm with a good human resource (HR) department might be more productive and better at retaining senior managers. Formally, let Z i measure the quality of the HR department and assume that the correct regression equation is
Then the estimated coefficient on seniority using (9) would be equal toγ 1 = γ 1 + γ 2 cov(φ i Z i ) var(φ i ) . The omitted variable hypothesis might thus offer an alternative explanation of the correlation between seniority (φ) and productivity (X) that we found within each ownership type. But notice that while this bias might explain the presence of a positive correlation between productivity and seniority, more assumptions are necessary to challenge our main finding, namely thatγ 1 differs across control types in the way predicted by our theory. In particular, to reproduce our finding that the conditional correlation between X and φ is high in firms under conglomerate control and is small in family firms requires us to assume much more than an omitted variable, namely that either γ 2 or cov(φ i Z i )/ var(φ i ) differs systematically across ownership types. Following up on the above example, one would need a theory that explains why the quality of the HR department has a different impact on productivity and/or on the seniority structure in, for example, family with respect to conglomerate firms. To challenge our identification mechanism one needs an alternative theory of why the effect of an omitted variable varies across control types. We were unable to identify any obvious alternative explanation in the literature.
Despite this important theoretical objection, we further explore the role of omitted variables empirically, as our data base contains a rich set of firm characteristics, particularly on the workforce composition, owing to the matched employer-employee nature of the data. Rather than trying to propose and dismiss a specific hypothesis, we select a set of potential determinants of productivity and include them in the regression. In column (5) of Table 3 we report the results when including, as additional controls, firm size (log of the number of employees), firm age, the average age of the workforce, and the share of executives, of white collar workers, and of male workers as a fraction of the total workforce. To save on space, we report the coefficients on these additional controls in Table 9 in Appendix D. Even with this very rich set of controls, the pattern that emerges from the data is unchanged: the share of senior executives is positively correlated with TFP in conglomerate-and foreign-controlled firms, while it is significantly lower in the other two types.
A potential criticism of the specification of column (5) is that we are giving the share of senior executives a better chance to affect the results than to the other controls, since the coefficient of the seniority share varies by control type while those of the additional controls do not. We relax this restriction in column (6), where all the additional regressors listed above are interacted with the control type dummies. Again, the results are hardly affected. Interestingly, the interaction between the additional controls and the ownership type dummies are almost all insignificantly different from zero ( Table 9 in Appendix D), suggesting that the differential response we find for the share of senior managers is not a general feature of the data.
One might still argue that only exogenous variation in φ can conclusively dismiss omitted variable bias (as well as any other endogeneity concern). We argue that this is not the case. The estimates of the productivity differential, X o − μ, are based on the model predicted correlation between the share of senior managers and productivity, and do not reflect a generic form of causation from seniority to productivity. In fact, changes in φ that are not attributable to the selection mechanism will not identify X o − μ. For example, an exogenous increase in the share of senior managers derived from a tightening of labor market regulation that makes firing more costly would reduce the selection and weaken the seniority-productivity correlation. 15 In other words, the interpretation of our estimate is the correct one under our maintained assumption that the theoretical model is the data generating process. In this sense, the estimates are structural, and the OLS correlation, as opposed to instrumental variable estimation, is the proper way to measure selection consistently with our model.
As a final set of robustness checks, we have experimented with the measure of performance. We have estimated the production function directly, rather than using the two-step procedure that first estimates TFP and then relates it to the share of senior executives. The results are reported and discussed in Appendix D. They are aligned with those of Table 3 . We have also used profit-based measures of performance, as profits might capture different dimensions of managerial ability. 16 The results using return on assets (ROA) are reported in Table 4 . In this case, the coefficient on the share of senior executives can be interpreted as the difference in the average contribution to ROA of senior and junior executives. The patterns we find are exactly the same as those that emerge when the productivity measure is used; if anything, they are stronger. In particular, profitability is positively related to the share of senior executives in conglomerate-controlled firms. 17 The interaction for foreign firms is not significantly different from zero, while it is negative and significant for family and government firms. Again, for the latter, the effect is very strong, indicating negative selection in such firms. This is fully consistent with the results obtained when performance is measured by TFP. In particular, in family and government firms, the selection effect for senior executives is absent compared Note: ROA is return on assets, in percentage units; φ is the share of senior executives who have been with the firm at least 5 years in columns (1), (2), (5), and (6), at least 7 years in column (3), and at least 3 years in column (4). All regressions are weighted with sampling weights with the exception of column (2), which is unweighted. All regressions include control type dummies, year dummies, and two-digit sector dummies. Column (5) also includes firm size (log of the number of employees), firm age (log), the average age of the workforce (log), and the share of executives, of white collar workers, and of male workers as a fraction of the total workforce. Column (6) includes the same additional controls as in column (5) interacted with ownership dummies. Robust standard errors in given in parentheses. Significance levels for the null hypothesis of a zero coefficient are labelled by asterisks: * is 10%, * * is 5%, and * * * is 1%. 16 Foster, Haltiwanger, and Syverson (2008) showed that efficiency and profitability might not be simply one-to-one. Sraer and Thesmar (2007) showed that family firms in France pay lower wages in exchange for more job security. Owners of family firms might, therefore, attract lower quality, higher risk-averse executives and pay them less. In principle, family firms might, therefore, be both less efficient and more profitable. 17 To get a sense of the size of the estimated effect, considering a firm whose share of senior executives increases by 1 standard deviation above the mean (see Table 2 ) would increase ROA by 1 percentage point (the median ROA is 7 8; the mean is 8 6).
to the other control types. Moreover, the results are robust to all the additional checks performed for TFP, reported in columns (2)-(6). Similar results are obtained when using return on equity (not reported for brevity). This shows that our results are robust with respect to different performance measures. To conclude, the OLS estimates indicate that there are substantial differences in the effectiveness of the selection process of executives across different types of owners. We have argued that such differences are not likely to be due to omitted variable bias or to one specific performance indicator. We now turn to the structural estimation exercise, which will allow us to check if these conclusions are confirmed and to assess the effects of the private benefits from personal relationships on firms' productivity through counterfactual exercises.
Estimates of the structural parameters
This section presents the structural estimation of the model parameters. We begin by discussing the assumptions needed for identification using firm-level observations on TFP and seniority of the executives, which we see as empirical measures of X i and φ i , that is, the observed productivity and share of senior executives in firm i. A third observable used for the estimation is the variance of the regression residual in equation (9), which we label var(η i ).
The estimation is developed under the assumption of observed heterogeneity, as some structural parameters are linked to observable characteristics of the firm, along the lines of Alvarez and Lippi (2009) . The distribution of productivity G(x) is assumed to be log normal, so that the model is characterized by six fundamental parameters: the discount factor β, the hazard rate ρ, the log normal parameters λ m and λ σ (log mean and log standard deviation, respectively), the probability of developing a relationship, q, and the value of the relationship R. Five parameters, namely β, ρ, q, λ σ , and λ m , are assumed to be common to all firms. The parameter R is assumed to vary with one observable characteristic of the firm: the control type. Given a parametrization (i.e., the vector β, ρ, q, λ σ , λ m , R), the model uniquely determines the values of X, φ, and var(η) to be observed in the data. In the estimation procedure, the differences between data points with identical observables (e.g., two firms with the same control type) are accounted for by classical measurement error. Next, we fill in the details that relate to the data used in the estimation, and describe the estimation algorithm and the results.
Our parsimonious structural estimates concern seven parameters: θ p ∈ Θ 7 1 , p = 1 2 7, described next. The firm-level observations vary across 14 years (index t), 13 two-digit sectors (index τ), and four control types described in the previous section (index κ). We assume that R varies across firms according to the nature of the controlling stakeholder, with R κ = θ κ , κ = 1 2 3 4, for the firms with control type family (θ 1 ), conglomerate (θ 2 ), government (θ 3 ), and foreign (θ 4 ), respectively. The parameter λ m = θ 5 measures the mean (log) TFP of the firm. In the data, TFP has a clear time component as well as a sectoral one, which are ignored by the simple structure of our model. Thus, before turning to the structural estimation, we normalize the TFP data by removing com-mon time and sector effects. Our measure of X for firm i in year t and sector τ is thus given by
where a 1 and a 2 are the vectors of coefficients from an OLS regression of TFP on 13 year and 12 two-digit sector dummies. We also consider a specification that controls for the effect of firm size Z i t τ (log employment) on TFP. The parameter θ 6 measures the probability of developing a relationship q = θ 6 1+θ 6
. The parameter θ 7 measures the standard deviation of the ability distribution (see Appendix C for a discussion of the mapping between this parameter and the observable regression squared error var(η i )).
To reduce the computational burden, two parameters are pinned down outside the estimation routine. The time discount β is calibrated to an annual value of 0 98, as is standard in the literature. The hazard rate of senior executives, ρ, is computed from the survival function of senior executives, that is, with at least 5 years of seniority, using the Kaplan and Meier (1958) estimator on the individual data. We estimate ρ = 0 11 per year, which implies that the expected tenure of senior executives is approximately 10 years.
These assumptions imply that after removing time and sectoral differences, all firms in a group-indexed by the control type κ = 1 2 3 4-are expected to have the same X and φ. For each firm i in group κ, there are two observables y j i κ , j = 1 2. We assume that the variable y j i κ is measured with error e j i that is normal, with zero mean, independent across variables, groups, and observations. Inspection of the raw data suggests that measurement error is multiplicative in levels for TFP, X, and additive for the share of senior executives, φ. 18 Hence the maximum likelihood (ML) estimates use the observables y 1 i κ = log X i κ and y 2 i κ = φ i κ . The measurement error variance σ 2 j , j = 1 2, is assumed common across groups, and is computed as the variance of the residuals of an OLS regression of log X and φ on year and sector dummies. This gives σ 2 log X = 0 35 and σ 2 φ = 0 29. Finally, for each control group κ, we use the variance of the regression residual in equation (9) as the third observable, y 3 κ = var(η), to be fitted by the model for each group.
Let f j (Θ κ) be the model prediction for the jth variable in group κ under the parameter setting Θ. The observation for the corresponding variable for firm i in group κ is
Let Y be the vector of observations and let n κ be the number of firms i in group κ. Define the objective function F as B. With firm size 0 76 5 1 3 4 6 9 3 5 1 59 0 40 (2 5) ( 8 8) ( 10 2) ( 4 3) ( 9 9) ( 74 4) ( 30 5)
Note: The t-statistics are given in parentheses. The estimation uses the estimated measurement errors σ 2 log X = 0 35 and σ 2 φ = 0 29. The parameters β and ρ are calibrated (see the main text). The measure for productivity log X is the firm-level (log) TFP net of the common components due to year effects and sector effects, as from equation (10) (see the main text); in specification B, firm-size effects (as measured by the (log) number of employees) are also controlled for.
Appendix E shows that the likelihood function is related to the objective function by
We estimate the structural parameters in Θ by minimizing (11). At each iteration, the algorithm solves the model for each of the four groups and computes the objective function under the candidate parametrization. Since each group has three observables, there is a total of 12 moments to be fitted using 7 parameters; hence, the model is overidentified with 5 degrees of freedom. The formulas for the score and the information matrix used for the inference are derived in Appendix E.
The estimates of the model structural parameters are reported in Table 5 . The estimated value of q = 0 78 indicates that approximately 75% of the executives develop a relationship. The value of R varies substantially across control types, but all types enjoy some degree of private benefits: R is always significantly different from zero. This is consistent with the findings of Taylor (2010) , according to which CEO entrenchment is substantial even in U.S. listed firms, where family and government firms play a minor role. The importance of the relationships is lowest for firms that belong to a conglomerate (3 3), followed by foreign-controlled firms (3 5), family (5 5), and government (6 0). Given that the estimated unconditional mean level of TFP is around 7, the estimated values for R show that the nonmonetary characteristics of the executives (i.e., their relationship value) are quantitatively important in the selection process.
To help with the interpretation of the structural estimates, Table 6 computes selected statistics produced by the model in the steady state at the estimated parameters. The first column solves the model for the (counterfactual) case in which the firm's owner gives no value to relationships in executive selection (R = 0) and, hence, s * = x * for all senior executives. In this case, senior executives are confirmed if their ability x is above x * = 6 2, which occurs in around 25% of cases. The (log) average ability of senior executives is 2 09, almost 30% higher than the unconditional average ability of junior executives. On average, around 38% of executives are senior in this "frictionless" case. These figures can be compared to those obtained for family firms (second column of the table), for which s * = 8 6 and x * = s * − R = 3 1 (the latter is the cutoff ability of executives Table 5 : log X is the (log) average managerial ability, X o is the average managerial ability of the senior executives, log X o |R = 0 is the average ability of the senior who did not develop a relationship, and log X o |R > 0 is the average ability of executives who developed a relationship. Fired is the probability that a junior executive is replaced when turning senior.
who have developed a relationship with the owner). It is apparent that selection is much weaker in family-controlled firms: the senior executives' average ability (X o ) is only 8% higher than that of junior executives (μ). An executive who develops a relationship has a 92% chance of being tenured. This probability drops to 11% for a senior executive who does not develop a relationship. For conglomerate-and foreign-controlled firms, the situation is intermediate between the R = 0 case and the family-firm case. The productivity of the senior executives in conglomerate firms is about 20% higher than the productivity of junior executives, which indicates a much greater selection than in family firms. For government firms, the estimates imply that selection occurs almost exclusively on the basis of developing a relationship: 93% of executives with r = R are retained; 92% of those with r = 0 are fired. As a consequence, the average ability of senior executives is only slightly higher than that of junior executives as the selection effect is inhibited.
The structural estimates allow us to develop a simple counterfactual exercise: setting the private benefits to zero implies a productivity gain of 6% in conglomerates, 7% in foreign firms, 13% in family firms, and 14% in government firms. If we take conglomerate-owned firms, which record the lowest value private benefits, as a benchmark, productivity is around 6% lower in family firms and 10% lower in government firms due to weaker selection. In light of the model and consistent with much anecdotal evidence, this happens because family-and government-controlled firms select executives by putting a large emphasis on nonmonetary values, independent of executive ability, thus reducing the productivity-enhancing effect of managerial selection.
An important robustness check consists of comparing the structural and the OLS estimates. As argued above, the OLS estimates measure the difference in the average ability of senior and junior managers: X o − μ. It is immediate to compute this statistic for the structural estimates as well. In Table 7 , we report the OLS results (taken from the first Note: The first row reports the OLS regression estimates from column (1) of Table 3 . The first column represents the difference in senior-junior ability in conglomerate firms. The second, the third, and the fourth columns report the difference in the senior executives' average ability for each control type with respect to conglomerates: X o i ≡ log X o i − log X o cong , where i = (for fam gov). column of Table 3 ) and compare them with the corresponding values implied by the estimates of Table 6 . First, both estimation methods imply a positive effect of selection on the senior-junior productivity differential for conglomerate firms: 0 11 in the OLS and 0 20 in the structural estimates. The other columns report the difference in the ability of the senior managers for the relevant control type as compared to conglomerate firms, the most efficient type. For foreign firms, the difference is −0 01, a value that is close to that produced by the OLS estimates (−0 03). For family firms, both estimates show that selection is substantially weaker than in conglomerate-controlled firms. Although the OLS estimate is larger in absolute value than the structural estimate (−0 17 versus −0 12), with a standard error of 0 05 in the OLS estimates, we cannot reject the hypothesis that the two values are the same at conventional levels of significance. Finally, the OLS give a very large negative coefficient for government firms (−0 47). This value implies a negative selection in such firms, that is, that junior executives are more efficient than senior ones. This is a result that the structural model cannot deliver; in fact, the structural estimates are close to the lowest possible selection effect, with −0 14, so that the average ability of senior and junior managers is almost the same. All in all, it is remarkable that the two sets of estimates give comparable results, although they are based on totally different dimensions of data variability.
We have further explored the robustness of our results. We saw in Table 1 that average firm size differs across control types. We reestimated equation (10) with the inclusion of firm size among the determinants of TFP and estimated the model with this measure of ability. The results are reported in the lower panel of Table 5 and are similar to those without firm size. All the quantitative predictions are virtually identical to those obtained under the baseline specification. A second robustness check relates to the estimate of the standard deviation of the ability distribution. In a previous version of this paper, we used additional information on executive compensation to estimate the standard deviation of the ability distribution outside the structural estimation routine (see Lippi and Schivardi (2010) for details). Again, the results we obtained were very similar to those reported here. All in all, our results have proven to be remarkably robust and consistent across specifications and estimation methods.
Concluding remarks
We formulated a model of executive selection in which the firm's owner cares about managerial ability and, in addition, derives a private benefit from developing a personal relationship with the executives. The theory yields joint predictions on two observables: the firm's average productivity and the share of senior executives in the firm. Compared to an owner who is only interested in ability, the selection of executives in the case of multiple objectives reduces the productivity of the firm and the rate at which executives leave the company. These predictions can be "inverted" to back out the structural parameters of the model; in particular, to infer the value of the personal relationship with executives enjoyed by the firm's owner. We estimated the model using matched employer-employee data for a sample of Italian firms and found that the nonmonetary objectives are quantitatively important. In particular, the value of personal relationships is highest in the firms under government and family control, and is smallest in conglomerate-or foreign-owned firms. From a quantitative point of view, those differences account for up to an 8% differential in the firms' TFP. These results are robust to several controls and estimation methods.
One important question is what mechanisms could mitigate the inefficiency in executive selection that we identify. We expect that competition in the product markets and contestability of control would reduce the extent of such inefficiency. We plan to explore this in future work.
Appendix A: The threshold rule in closed form
This appendix characterizes the optimal threshold s * as the unique solution of one equation in one unknown, and provides closed form expressions for the value functions expressed in terms of s * . Using equation (2) and the optimal threshold s * , it is straightforward to compute the expected value of a senior executive conditional on being in office as
Given s * , the expected value of a junior executive can be rewritten as
Using equation (13) and the expression for v o in equation (12) gives a closed form equation for v y as a function of s * :
Using equation (2) to write the value of a senior executive of type s * as v o s * = 1 1 − β(1 − ρ) s * + βρv y and replacing this expression into equation (3) gives the optimality condition
Using equation (15) and the expression for v y in (14) gives one equation in one unknown for s * :
This appendix provides the proofs of the three propositions in the paper. The arguments are based on standard analysis and probability notions.
Proof of Proposition 1. Simple algebra shows that H(s * R) is continuous in s * , that H(0 R) < 0, and that the first order derivative with respect to (w.r.t.) s * is positive, H s * (s * R) = 1 + β(ρ − F(s * )) > 0, and in the limit, lim s * →∞ H s * (s * R) > 0. Hence, there exists one and only one s * > 0 that solves equation (16). We now show that the implicit function s * (R) is increasing in R. Applying the implicit function theorem to equation (16) gives
Let us use expression (14) to compute ∂v y ∂s * = −βs * f s
Using that at the optimum, (1 − β)v y = s * , gives 
Using this expression in (14) and taking the derivative w.r.t. R yields
where the second equality uses s * = (1 − β)v y . Finally we show that s * > μ. Note that for R = 0, equation (1) gives F(z) = G(z). Using equation (16) to evaluate and H(s * R) at R = 0 gives
Using that H(s * R) is increasing in s * implies that s * (0) > μ. Using that s * (R) is increasing in R implies that s * (R) > μ for any R ≥ 0.
Proof of Proposition 2. Rewrite the average productivity X defined in equation (6) as
The parameter R enters this expression directly and via s * . Taking the first order derivative with respect to R, accounting for both direct and indirect effects, gives (after some algebra and collecting terms)
Now use equation (16) with β = 1 to get the implicit equation for s * :
Replacing the expression on the right hand side for s * into equation (18) and using the expression for ∂F(s * ) ∂R computed in equation (5) gives (after some rearranging and cancellations)
Inspection of equation (19) and the results on the sign of the partial derivatives established in Proposition 1 reveal that the derivative is zero at R = 0 and that it is negative at R > 0.
Proof of Proposition 3. Define ζ i j as the deviation of a senior executive j from the productivity of senior executives, X o . Analogously, let ξ i j be the deviation of a junior executive j from μ. Naturally, the expected value of those deviations is zero. In a small sample of size n, the average productivity of junior and senior incumbent executives in firm i can be written as
We show that cov(φ i ε i ) = 0, so that the OLS regression assumptions are satisfied. Let n be the number of executives in each firm. For notational convenience, let us define z i ≡ 1 
The key to the proof is that the conditional expectation E(z i |n o i = k) = 0 for all k = 0 1 n. To see this, note that for a given k,
This holds since E(ζ i j |x i j + r i j > s * ) = 0 for each j. Recall that ζ i j is the deviation of senior executive productivity x j from senior executive unconditional productivity X o . It is immediate that conditioning on the information that an executive is tenured does not provide any information on how much above (or below) the average tenured executives' level (X o ) he is.
Recall that φ i takes the values (0 1 n k n 1). As productivity realization is independent across executives, the probability of each φ i = k n outcome is Pr( k n ) ≡ p(k n) from a binomial distribution. Then (for a = 1 2)
The same logic shows that E φ u (u i φ a i ) = 0 for a = 1 2. This is immediate as the productivity of the junior is not observed by the owner and. hence, it cannot be correlated with his decisions about the tenure of the senior executives.
Appendix C: Identifying the variance of the distribution of abilities
This section shows that the model of Section 3 can be inverted to infer the variance of the distribution of abilities from a moment that is available in the data. Recall that the distribution of abilities G(·) is chosen to be log normal so that it is defined by two parameters: λ m and λ σ , respectively, the log mean and the log standard deviation of x. Now notice that a given vector of model primitives β, ρ, λ m , λ σ , R, and q, in addition to determining the observable pair X, φ, also determines the variance of the selected x, which we denote by var(η i ), in accordance with equation (9).
Intuitively, a larger variance of the primitive parameter λ σ increases the option value of waiting, thus raising the selection thresholdμ and the steady state proportion of senior executives φ as well as the ex post variance of abilities. Figure 4 shows how the standard deviation of the distribution of abilities std(η) varies as a function of the dispersion of abilities λ σ . The figure has three lines, each one corresponding to a different value of R. Notice that for a given R, a larger volatility of the unfiltered distribution implies a larger variance in the selected sample: std(η). Such monotone curves are invertible and can thus be used to estimate λ σ . Note: We use the estimates in column (1) of Table 3 to obtain the standard deviation of the residuals of the productivity equation by control type. Given that the estimates use sample weight, we use the same weights to compute the standard deviation.
The empirical proxy of std(η) that we used is taken from the standard deviation of the residual in the regression of equation (9). This is fully consistent with our theory provided that the number of executives in each firm is finite, a reasonable assumption as our firms on average employ about seven executives. Table 8 reports the sample estimates of std(η) that are used as observables in the structural estimation.
Appendix D: Data and OLS regressions details
The INVIND survey is based on a questionnaire comprised of a fixed and monographic section that changes from year to year, used to investigate in-depth specific aspects of firms' activity. In 1992, a large section was devoted to corporate control. The determination of the nature of the controlling shareholders begins with that year. Among other things, the questionnaire asked about each firm's main shareholder, distinguishing between 10 different categories. Since 1992, the questions on control structure have been included every year. Starting in 1996, the categories have been reduced to five: (i) individual or family; (ii) government (local or central or other publicly controlled entities); (iii) conglomerate; (iv) institution (financial or not); (v) foreign owner. We collapse the last two categories into one and map the previous classification into these four groups. Before 1992, the nature of the controlling shareholder was not investigated. However, in 1992 the firm was asked the year of the most recent change in control. We extend the control variable of 1992 back to the year of the most recent control change. Moreover, if a firm has a certain controller type in year t and the same in year t , and some missing values in the year in between, we assume that the control has remained of the same type for the entire period [t t ]. Note that there might be some cases of misclassification, in particular among firms that are classified as not controlled by an individual. For example, a foreign entity that controls a resident firm might in turn be controlled by a resident who uses the offshore firm for taxation purposes. The same holds true for firms that report an institution as the controlling shareholder. This would bias the difference in the estimates between family and nonfamily firms downward, because we would be classifying as foreign some family firms (the opposite case is not very likely). This implies that our results can be seen as a lower bound of the difference we find.
The CADS data are used to construct the capital stock using the permanent inventory method. Investment is at book value, adjusted using the appropriate two-digit deflators and depreciation rates, derived from National Accounts published by the National Institute for Statistics. For consistency with the capital data, in the estimation of the production function we take value added and labor from the CADS data base. Both the INVIND and the CADS samples are unbalanced, so that not all firms are present in all years.
Data on workers are extensively described in Iranzo, Schivardi, and Tosetti (2008) . We cleaned the data by eliminating the records with missing entries on either the firm or the worker identifier, those corresponding to workers younger than 25 (just 171 observations, 0 08% of the total), and those who had worked less than 4 weeks in a year. We also avoided duplication of workers within the same year; when a worker changed employer, we considered only the job at which he had worked the longest.
The main econometric problem in recovering TFP is that inputs are a choice variable and thus are likely to be correlated with unobservables, particularly the productivity shock. This is the classical problem of endogeneity in the estimation of production functions. To deal with it, we follow the procedure proposed by Olley and Pakes (1996) . Using a standard dynamic programming approach, Olley and Pakes showed that the unobservable productivity shock can be approximated by a nonparametric function of the investment and the capital stock. To allow for sectoral heterogeneity in the production function, we estimate it separately at the sectoral level. The estimation procedure, the coefficients, and all the results are described in detail in Cingano and Schivardi (2004) .
To make sure that our results are not dependent on the TFP measure, we also perform some direct production function estimation exercises. To control for endogeneity, Firm age · family 0 04 * * 0 03 0 76 * (0 023) ( 0 021) ( 0 448)
Firm age · foreign 0 03 0 00 −0 45 (0 031) ( 0 028) ( 0 750)
Firm age · government 0 02 −0 03 −0 12 (0 034) ( 0 028) ( 0 518)
Work age −0 48 * * * −0 71 * * * −0 43 * * * −0 65 * * * −17 33 * * * −17 37 * * * (0 076) ( 0 138 Share exec · government 10 05 * * * 7 90 * * * 193 57 * * * (2 915) ( 2 660) ( 63 083)
Share white-collar 0 66 * * * 0 79 * * * 0 63 * * * 0 71 * * * 1 80 0 51 (0 054) (0 099) (0 048) ( 0 096 Share male · government 0 51 * * * 0 43 * * * −0 15 (0 184) ( 0 150) ( 3 160)
Note: The table reports the coefficients on the additional controls in the last two columns of Tables 3, 4 and 10. See the main text for the definition of the variables. Robust standard errors in parenthesis. Significance levels for the null hypothesis of a zero coefficient are labelled as follows: * is 10%, * * is 5%, * * * is 1%. Note: The variable φ is the share of senior executives who have been with the firm at least 5 years in columns (1)-(3), at least 7 years in column (4), and at least 3 years in column (5). All regressions are weighted with sampling weights with the exception of column (3), which is unweighted. Following Olley and Pakes (1996) , regressions in columns (2)-(5) include a third degree polynomial in capital and investment to control for the unobserved productivity shock. All regressions include control type dummies, year dummies, and two-digit sector dummies. Robust standard errors are given in parentheses. Significance levels for the null hypothesis of a zero coefficient are labelled by asterisks: * is 10%, * * is 5%, and * * * is 1%.
we again follow Olley and Pakes, and include in the regression a third degreeg polynomial series in i and k and their interactions, which approximate the unobserved productivity shock. 19 In Table 10 , we report a series of exercises analogous to those of Table 3 in the main text. The dependent variable is log value added, the regressors are capital and labor in addition to the share of senior executives interacted with the control dummies, and the control dummies themselves. All the regressions include year and sectoral dummies. As in Table 3 , we use sample weights with the exception of column (3). In col-umn (1), we do simple OLS; the Olley and Pakes controls are introduced in column (2) and maintained throughout; in column (3), we do not weight observations; column (4) uses a 7-year period to become senior and column (5) uses a 3-year period; column (6) introduces the additional controls, interacted with ownership dummies in column (7). Results are similar across specifications; more importantly, they are very much in line with those of Table 3 . 
